Acute alcohol intoxication increases REDD1 in skeletal muscle.
The mechanism by which acute alcohol (EtOH) intoxication decreases basal muscle protein synthesis via inhibition of the Ser/Thr kinase mammalian target of rapamycin (mTOR) is poorly defined. In this regard, mTOR activity is impaired after over expression of the regulatory protein REDD1. Hence, the present study assessed the ability of REDD1 as a potential mediator of the EtOH-induced decrease in muscle protein synthesis. The effect of acute EtOH intoxication on REDD1 mRNA and protein was determined in striated muscle of rats and mouse myocytes using an RNase protection assay and Western blotting, respectively. Other components of the mTOR signaling pathway were also assessed by immunoblotting. For comparison, REDD1 mRNA/protein was also determined in the muscle of rats chronically fed an alcohol-containing diet for 14 weeks. Intraperitoneal (IP) injection of EtOH increased gastrocnemius REDD1 mRNA in a dose- and time-dependent manner, and these changes were associated with reciprocal decreases in the phosphorylation of 4E-BP1, which is a surrogate marker for mTOR activity and protein synthesis. No change in REDD1 mRNA was detected in the slow-twitch soleus muscle or heart. Acute EtOH produced comparable increases in muscle REDD1 protein. The EtOH-induced increase in gastrocnemius REDD1 was independent of the route of EtOH administration (oral vs. IP), the nutritional state (fed vs. fasted), gender, and age of the rat. The nonmetabolizable alcohol tert-butanol increased REDD1 and the EtOH-induced increase in REDD1 was not prevented by pretreatment with the alcohol dehydrogenase inhibitor 4-methylpyrazole. In contrast, REDD1 mRNA and protein were not increased in the isolated hindlimb perfused with EtOH or in C2C12 myocytes incubated with EtOH, under conditions previously reported to decrease protein synthesis. Pretreatment with the glucocorticoid receptor antagonist RU486 failed to prevent the EtOH-induced increase in REDD1. Finally, the EtOH-induced increase in REDD1 was not associated with altered formation of the TSC1*TSC2 complex or the phosphorylation of TSC2 which is down stream in the REDD1 stress response pathway. In contradistinction to the changes observed with acute EtOH intoxication, REDD1 mRNA/protein was not changed in gastrocnemius from chronic alcohol-fed rats despite the reduction in 4E-BP1 phosphorylation. These data indicate that in fast-twitch skeletal muscle (i) REDD1 mRNA/protein is increased in vivo by acute EtOH intoxication but not in response to chronic alcohol feeding, (ii) elevated REDD1 in response to acute EtOH appears due to the production of an unknown secondary mediator which is not corticosterone, and (iii) the EtOH-induced decrease in protein synthesis can be dissociated from a change in REDD1 suggesting that the induction of this protein is not responsible for the rapid decrease in protein synthesis after acute EtOH administration or for the development of alcoholic myopathy in rats fed an alcohol-containing diet.